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(54) CMOS image sensor having integrated universal serial bus (USB) transceiver 



(57) A CMOS camera formed on an Integrated cir- 
cuit is disclosed. The CMOS camera includes: an image 



sensor formed on the integrated circuit and a USB con- 
troller and transceiver formed on the same integrated 
circuit. 
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Description 

[0001] The present invention relates to complemen- 
tary metal oxide semiconductor (CMOS) cameras, and 
more particularly, to a CMOS camera having integrated 
circuitry that allows for communication using a universal 
serial bus (USB). 

[0002] Integrated circuit technology has revolution- 
ized various fields including computers, control sys- 
tems, telecommunications, and imaging. In the field of 
imaging, the development of a CMOS image sensor has 
made possible the manufacture of low cost imaging de- 
vices. One advantage of the CMOS image sensor is the 
ability to integrate signal processing logic (typically 
formed in a CMOS process) with the sensing array to 
form a single chip CMOS image sensor. OmniVision 
Technologies, Inc., the assignee of the present inven- 
tion, manufactures a complete line of CMOS image sen- 
sors. 

[0003] In many applications, the images produced by 
the CMOS image sensor are used by personal comput- 
ers, Internet appliances, and the like. The Universal Se- 
rial Bus (USB) specification is one commonly used pro- 
tocol for a serial bus that supports data exchange be- 
tween USB compatible devices. One major advantage 
of the USB protocol is the ability to support plug and play 
operation, allowing easy installation of peripherals. Be- 
cause of the popularity of the USB protocol, many pe- 
ripheral devices must include an integrated circuit that 
serves as a USB transceiver for the peripheral. There- 
fore, In the prior art, USB compliant cameras required 
at least two integrated circuits: one for the actual CMOS 
image sensor and a USB transceiver. 
[0004] A CMOS camera formed on an integrated cir- 
cuit is disclosed. The CMOS camera includes: an image 
sensor formed on the integrated circuit and a universal 
serial bus (USB) transceiver/controller on the same in- 
tegrated circuit. 

4. Brief Description of the Drawings 
[0005] 

Figure 1 is a schematic diagram of a CMOS camera 
formed in accordance with the present invention. 
Figure 2 is a schematic diagram of the image sensor 
portion of the CMOS camera of Figure 1 . 

[0006] Referring to Figure 1, a CMOS camera 501 
formed in accordance with the present invention is 
shown. The CMOS camera 501 includes an image sen- 
sor 101 , an audio codec 505, a USB controller 503. an 
internal bus 11 1 , an audio bus 507, and a USB bus 509. 
[0007] The USB controller 503 operates to transmit 
and receive data in accordance with the USB protocol. 
For this reason, the USB controller 503 is also referred 
to as a USB transceiver. The USB controller 503 is com- 
municatively connected to the image sensor 101 using 



the internal bus 111 . The image sensor 101 obtains im- 
age data and digitizes it for transfer to the USB controller 
503 using the internal bus 111 . 
[0008] The USB controller 503 is connected via a USB 

5 bus 509 to a USB host device (not shown). Depending 
upon the USB host's demands, the USB controller 503 
transfers packed serial data (comprising the image da- 
ta) to the USB host through the USB bus 509. The 
packed serial data that is transferred by the USB con- 

10 trailer 503 is digital Image data, such as color or black 
and white images, RGB raw data, RGB composite data, 
and/or YC b C T data with or without additional image 
processingand data compression. 
[0009] Optionally, memory of some sort, including 

is non-volatile and volatile memory may be incorporated 
into the CMOS camera 501 . The non-volatile and vola- 
tile memory may be incorporated in the image sensor 
101, the USB controller503, and/or the audiocodec 505 
to store data, such as a map of the defective pixels found 

20 in the sensing array 103, image data, audio data, a 
plethora of information regarding the attributes of the 
CMOS camera 501 , and signal processing coefficients. 
[0010] The USB controller 503 can be of conventional 
design that is available from multiple vendors that have 

25 developed USB controllers. Optionally, image/signal 
processing, data compression, non-volatile and/or vol- 
atile memory may be incorporated into the USB control- 
. ler 503. Alternatively, the USB controller 503 may be of 
substantially similar design to the Model OV511 product 

30 designed and manufactured by the assignee herein. 
[0011] Other functions may also be integrated within 
the CMOS camera 501. For example, in the preferred 
embodiment shown in Figure 1, an audio codec 505 is 
included to perform bi-directional transferring of audio 

35 data separatery or simultaneously. The audio codec 505 
allows digitizing, processing, storing and transferring of 
audio data along with the image data from the image 
sensor 101 . The audio codec 505 also allows playback 
of audio data stored in the non-volatile or volatile mem- 

40 ory portion of the CMOS camera 501 or audio data 
transferred by the USB controller 503 via the USB bus 
509. The audio codec 505 is also of conventional design 
and communicates to the USB controller 503 via the au- 
dio bus 507. 

45 [001 2] The CMOS camera 501 can either be control- 
led by the USB host through the USB bus 509 with read- 
ing or writing parameters or commands, or alternatively, 
be controlled locally as a stand alone camera, for exam- 
ple, by hardwired logic, programmable logic, or I/O pins. 

so [001 3] Figure 2 illustrates In greater detail the image 
sensor 101 shown in Figure 1. The image sensor 101 
includes a sensing array 1 03, signal processing, timing, 
and control area 105, analog to digital converter (ADC) 
107, and input/output section 109. 

55 [0014] The sensing array 103 includes a plurality of 
individual pixels 113 arranged in a two-dimensional ar- 
ray. In the diagram of Figure 1, the sensing array 103 
has 8 columns and 8 rows. The image sensor 101 also 
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includessignal processing, timing, and control area 105. 
As the name implies, this portion of the image sensor 
1 01 contains the logic and other integrated circuit devic- 
es that perform the reading out of the sensing array 1 03, 
signal processing of the data read out from the sensing 
array 103, and various timing and other control func- 
tions. 

[0015]. Input/output portion 109 is used by the image 
sensor 101 to communicate with the USB controller 503 
using internal bus 1 1 1 . As already discussed above, the 
internal bus 111 is used to primarily transfer Image data 
to the USB controller 503. The internal bus is also used 
for control signals that, for example, can be used to con- 
figure the functionality/modality of the image sensor 
101. 

[0016] While the preferred embodiment of the inven- 
tion has been illustrated and described, it will be appre- 
ciated that various changes can be made therein without 
parting from the spirit of scope of the invention. The cur- 
rent invention has been described in relation to a pre- 
ferred embodiment. One of ordinary skill after reading 
the foregoing specifications will be able to affect various 
changes, alterations, and substitutions or equipment 
without departing from the broad concepts disclosed. It 
is therefore intended that the scope with the Letters Pat- 
ent granted hereon be limited only by the definition con- 
tained in the affirmative claims and the equivalents ther- 
eon, and not by limitations of the embodiments de- 
scribed herein. 

[0017] The embodiments of the Invention of which an 
exclusive right or privilege is claimed are defined as fol- 
lows: 



integrated circuit; 

wherein said image sensor and said audio co- 
dec provide output signals to said USB control- 
ler, said USB controller processing said output 
s signals into USB format, and further wherein 

said USB controller processes said input sig- 
nals from USB format, said USB controller pro- 
viding output signals to said image sensor and 
said audio codec. 
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Claims 35 

1. A CMOS camera formed on an integrated circuit, 
said CMOS camera including: 

an image sensor formed on said integrated cir- 40 
cuit; and 

a universal serial bus (USB) transceiver on said 
integrated circuit. 

2. The camera of Claim 1 further including non-volatile *s 
and volatile memory. 

3. The camera of Claim 1 further including an audio 
codec. 

50 

4. A CMOS camera formed on an integrated circuit, 
said CMOS camera including: 

an image sensor formed on said integrated cir- 
cuit; 55 
an audio codec formed on said integrated cir- 
cuit; and 

a universal serial bus (USB) transceiveron said 
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